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1.  SUMMARY.   Battery  Huger  Foundation  Investigation  was  under- 
taken in  accordance  with  Interagency  Agreement  No.  IA  5000-1-9505, 
between  the  National  Park  Service  (NPS)  and  the  U.S.  Army  Corps  of 
Engineers  (COE) .   The  purpose  of  the  investigation  was  to  deter- 
mine the  effects  on  Fort  Sumter  from  the  demolition  and  removal  of 
Battery  Huger.   The  requirements  of  the  agreement  included  a  pre- 
liminary review  of  existing  information  concerning  design  and  con- 
struction of  Fort  Sumter  and  Battery  Huger,  subsurface  soils 
investigations,  laboratory  testing,  an  analysis  of  heave  due  to 
removal  of  Battery  Huger,  construction  cost  estimate,  and  a 
report. 

To  summarize  what  follows  in  this  report,  no  significant 
movement  of  the  walls  and  other  structures  to  remain  at  Fort  Sum- 
ter would  be  expected  from  the  removal  of  Battery  Huger.   The 
estimated  heave  would  vary  from  1.8  inches  near  the  center  front 
(east  side)  of  Battery  Huger  to  about  0.7  inch  at  the  rear  corners 
next  to  the  parade  ground  and  0.6  inch  at  the  east  side  of  the 
fill  along  the  right  flank  of  Fort  Sumter.   These  differences  in 
movements  over  the  distances  between  them  are  within  tolerable 
limits  and  will  not  be  detrimental  to  remaining  structures. 

Damage  could  be  done,  however,  during  demolition  depending 
upon  the  method  used  to  remove  Battery  Huger.   The  method  selected 
should  create  as  little  vibration  as  possible.   It  is  recommended 
that  the  mass  concrete  be  presplit  by  drilling  and  splitting  with 
hydraulic  splitters  or  expanding  chemicals.   Small  and  medium-size 
equipment  should  then  be  used  to  remove  rubble  and  fill  from 
inside  the  fort.   Vibration  and  movement  of  walls  should  be  moni- 
tored during  construction. 

The  estimated  construction  cost  for  demolition  and  removal  of 
Battery  Huger  and  the  earthfill  is  $4,305,000.   Engineering  costs 
are  estimated  to  be  $136,000. 

It  can  also  be  concluded  that  100  percent  of  primary  consoli- 
dation has  occurred,  which  means  that,  should  Battery  Huger  be 
left  in  place,  there  would  be  no  further  detrimental  effects  on 
Fort  Sumter  from  settlement  caused  by  Battery  Huger. 

2.  GENERAL.   Fort  Sumter,  originally  a  3-level  structure  around 
its  perimeter  walls,  was  severely  damaged  by  artillery  bombardment 
during  the  U.S.  Civil  War.   After  the  war  the  rubble  was  cleaned 
up  and  reshaped  and  earthfill  placed  inside  the  walls,  which  now 
extend  to  just  above  the  first  level.   Figure  C-l  shows  Fort  Sum- 
ter in  its  present  state.   Only  the  first  level  gunrooms  are 
remaining  on  the  left  flank  and  right  face  of  the  fort,  while,  on 
the  left  face,  only  the  ruins  of  the  first  level  gunrooms  remain. 
Along  the  left  gorge  are  what  remain  of  the  officers'  quarters. 
Battery  Huger  and  additional  earthfill  were  constructed  during  a 
period  from  about  18S5  to  1900.   The  battery  was  constructed  pri- 
marily of  mass  concrete  and  included  two  12-inch  guns.   Between 


1950  and  1955,  fill  on  the  west  side  and  north  end  of  Battery 
Huger  were  excavated  to  about  the  original  parade  ground  eleva- 
tion. 

The  walls,  casemate  roofs,  and  other  structures  of  what 
remains  of  the  original  Fort  Sumter  are  showing  cracks  and  other 
signs  of  deterioration,  due  to  damage  from  artillery  shelling, 
settlement,  weathering,  and  other  environmental  factors.   NPS  is 
considering  demolishing  Battery  Huger  and  removing  the  remaining 
earthfill  in  order  to  restore  the  fort  to  some  semblence  of  its 
Civil  War  appearance.   Any  large-scale  construction  activity  such 
as  this  would  affect  the  structure,  both  during  and  after  the 
work. 

This  report  presents  the  results  of  an  investigation  of  the 
effects  of  foundation  heave  or  rebound  on  the  walls  and  other 
structures  of  the  fort  which  would  remain  after  demolition  and 
removal  of  Battery  Huger.   Also  presented  are  recommended  methods 
to  be  used  for  demolition,  recommendations  for  monitoring  con- 
struction activities,  and  a  construction  cost  estimate  for  the 
demolition  and  removal  of  Battery  Huger. 

3.   FOUNDATION  CONDITIONS.   Drilling  was  performed  by  Soil  Consul- 
tants, Inc.  ,  of  Charleston,  South  Carolina;  laboratory  testing  was 
performed  by  the  COE  South  Atlantic  Division  Laboratory,  Marietta, 
Georgia.   Subsurface  investigations  were  begun  with  the  drilling 
of  three  soil  borings  in  March  of  1992.   Using  a  truck-mounted 
drill  rig,  the  borings  were  made  in  the  parade  ground  along  the 
west  side  of  Battery  Huger.   The  boring  locations  are  shown  on  the 
Site  Plan,  Figure  C-l.   The  drill  rig  was  lifted  over  the  wall  at 
the  left  face  of  the  fort  by  a  barge-mounted  crane.   Three  split- 
spoon  soil  borings  were  made,  two  of  which  were  76.5  feet  deep  and 
the  third  was  77  feet  deep.   Undisturbed  samples  were  taken  in 
Boring  No.  FS-10-92  in  strata  containing  significant  amounts  of 
highly  plastic  clay.   All  three  borings  were  completed  to  the 
stiff  to  very  stiff,  green,  calcareous,  highly  plastic  clays  and 
silts,  locally  known  as  Cooper  marl,  which  is  at  depths  of  about 
7  0  feet  near  the  gorge  (to  the  southwest)  and  74  feet  near  the 
salient  (to  the  northeast) .   Consolidation  tests  were  conducted  on 
undisturbed  samples  to  obtain  compression  characteristics  of  the 
more  plastic  soils.   Laboratory  tests  were  performed  on  both  dis- 
turbed and  undisturbed  samples  to  obtain  gradation  curves  and 
determine  Atterberg  limits,  moisture  contents,  and  specific  gra- 
vity. 

The  elevation  of  the  parade  ground  where  the  borings  were 
made  is  about  El.  10  NGVD  (National  Geodetic  Vertical  Datum) . 
Based  on  the  soil  borings,  soils  below  Battery  Huger  are  fairly 
consistent  with  the  layers  dipping  from  1  to  2  degrees  to  the 
northeast.   To  generalize  foundation  materials  below  Battery 
Huger,  the  upper  10  to  13  feet  is  fill  consisting  of  fine,  loose 
poorly-graded  sands  with  from  4  to  10  percent  fines  placed  over 
what  was  once  an  underwater  shoal.   The  northeast  and  southeast 
ends  of  Battery  Huger  are  situated  over  portions  of  the  stone 
foundation  which  was  placed  around  the  perimeter  of  Fort  Sumter 
below  its  walls.  The  stone  foundation  consists  of  from  5  to  6  feet 
of  dumped  granite  overlaid  with  about  6  feet  of  fitted  stone.   The 
foundation  soils  below  the  fill,  to  a  depth  of  about  33  feet  below 


the  surface  of  the  parade  ground,  consist  generally  of  medium 
dense  to  dense  silty  sands  with  from  7  to  42  percent  fines.   At  a 
depth  of  about  30  feet,  thin  interbedded  clay  lenses,  varying  in 
thickness  from  1/16  inch  to  1/2  inch  begin  to  appear.   From  a 
depth  of  about  33  feet  to  35  feet,  there  is  a  layer  of  loose 
clayey  sand  with  numerous  clay  lenses  of  up  to  about  l  inch  thick. 
Below  this  layer  to  a  depth  of  about  56  feet,  soils  consist  of 
loose  to  medium  dense  silty  sands  with  thin  interbedded  clay 
lenses  of  varying  thicknesses.   From  a  depth  of  about  56  feet  to 
60  feet  are  interbedded  layers,  1  inch  or  more  in  thickness,  of 
soft  clay  of  high  plasticity  and  loose  clayey  sands.   Soils  from 
60  feet  to  70  feet  are  loose  to  medium  dense  silty  sands  with  thin 
interbedded  layers  of  highly  plastic  clay.   At  a  depth  of  approxi- 
mately 70  feet  is  the  top  of  stiff  to  very  stiff,  green,  calcar- 
eous clays  and  silts  of  high  plasticity. 

Both  Boring  Nos.  FS-8-92  and  FS-9-92  penetrated  about  4  feet 
of  granite  just  beneath  the  surface  indicating  the  presence  of  the 
mole  foundation. 

The  soil  profile  is  shown  on  Figure  C-2 .   Logs  of  borings  and 
results  of  laboratory  testing  are  included  in  the  appendix. 

4.  CONSOLIDATION  TESTING.   Consolidation  tests  were  conducted  on 
undisturbed  samples  obtained  from  Boring  No.  FS-10-92  which  was 
located  adjacent  to  Battery  Huger  near  its  northwest  corner.   The 
boring  was  taken  within  the  parade  ground  area  about  8  feet  from 
the  wall  of  the  structure.   Top  of  ground  is  about  El.  10.0  NGVD 
as  measured  from  the  top  of  the  wall.   Fill  in  this  portion  of  the 
parade  ground  was  once  at  about  El.  2  3.9  according  to  the  survey 
made  in  August  19  01,  after  the  completion  of  Battery  Huger.   Foun- 
dation soils  below  the  parade  ground  and  above  marl  should  there- 
fore be  slightly  overconsolidated  in  their  present  state. 

As  discussed  in  Section  2,  above,  the  soils  above  marl  can  be 
described,  in  general,  as  silty  sands  and  clayey  sands  with  thin 
interbedded  clay  lenses  of  varying  thicknesses.   The  clayey  sand 
layer  about  35  feet  deep  contained  a  sufficient  number  of  such 
lenses  to  allow  a  sample  to  be  retrieved  using  a  thin-walled  tube 
sampler.   The  soil  stratum  at  a  depth  of  about  60  feet  included  a 
layer  of  clay  1.5  feet  thick  in  Boring  No.  FS-8-92  and  about  2.5 
feet  thick  in  Boring  No.  FS-9-92.   Thin-walled  tube  samples  of 
this  material  were  also  taken  for  laboratory  examination  and  test- 
ing. 

The  results  of  consolidation  testing  are  included  in  the 
appendix. 

5.  ANALYSIS  OF  HEAVE.  The  loading  on  foundation  soils  would  be 
reduced  with  the  demolition  of  Battery  Huger  and  the  removal  of 
the  earthfill  located  on  its  east  side.   Battery  Huger  is  con- 
structed of  mass  concrete  which  is  as  much  as  28  feet  high  and  20 
feet  thick  at  the  front  (east  side)  of  the  structure,  resulting  in 
a  load  of  up  to  2.1  Tsf  (Tons  per  square  foot).   Because  of  powder 
magazines,  shot  rooms,  storage  rooms,  guardrooms,  and  hallways 
formed  within  Battery  Huger,  loads  toward  the  rear  are  about  0.9 
Tsf.   Reinforcement  consists  of  a  structural  steel  mat  placed 
directly  on  the  foundation  below  the  structure,  and  structural 
steel  members  and  corrugated  steel  sheeting  placed  above  the  sto- 


rage  rooms  and  passageways  formed  inside  the  building.   Earthfill, 
which  is  to  be  removed  from  the  east  side  of  Battery  Huger,  is  a 
maximum  of  21  feet  deep  at  the  front  of  the  battery  and  about  18 
feet  deep  at  the  wall  on  the  right  flank  of  the  fort. 

With  the  removal  of  these  loads,  the  foundation  soils  would 
heave  due  to  expansion.   The  estimated  heave  for  several  key 
points  on  Battery  Huger  are  given  in  Table  1,  below.   These  esti- 
mates are  based  on  the  results  of  consolidation  tests  on  samples 
of  clay  and  clayey  sand  strata,  and  a  correlation  for  the  remain- 
ing soils  which  are  mostly  silty  sands.   The  correlation  for  sand 
provides  for  some  conservatism  in  the  final  estimates  because  it 
is  based  on  the  compression  index  rather  than  the  swelling  index 
as  obtained  from  testing  a  poorly-graded,  although  clean,  river 
sand.   Another  indicator  of  potential  heave,  based  on  the  Atter- 
berg  limits  and  clay  fractions  of  the  soils,  is  the  activity  of 
the  clay,  which  is  not  high,  suggesting  that  rebound  will  not  be 
significant. 

Because  of  the  variation  in  the  loads  from  one  part  of  Bat- 
tery Huger  to  another,  differential  movement  will  result.   A 
method  for  measuring  this  difference  is  to  use  the  ratio  of  dif- 
ferential movement  between  two  points  on  the  structure  to  the  dis- 
tance between  the  points,  which  is  called  angular  distortion. 
Table  1,  below,  includes  estimated  heave  at  several  representative 
locations  and  the  associated  angular  distortion  based  on  the  maxi- 
mum movement  of  1.8  0  inches  of  heave,  which  is  estimated  to  occur 
at  Point  G,  near  the  center  front  portion  of  Battery  Huger.   Loca- 
tions of  points  are  shown  on  Figure  C-l.   Data  given  are  for  the 
northeast  end  of  the  building  near  the  salient,  but  heave  would  be 
similar  for  the  opposite  end  near  the  gorge  because  the  existing 
loads  are  about  the  same.   Complete  settlement  data  are  included 
in  the  appendix. 

TABLE  1  ~  ESTIMATED  HEAVE  AND  ANGULAR  DISTORTION 
WITH  RESPECT  TO  POINT  OF  MAXIMUM  HEAVE 


POINT 


LOCATION 


ESTIMATED 
HEAVE  ( INCHES ) 


ANGULAR 
DISTORTION 


Center  front  of 
Battery  Huger 


1.80 


Northeast  corner 
(near  left  face) 


0.66 


1/1368 


B 


North  end  (near 
salient) 


1.10 


1/1800 


Southeast  end  of  fill 
(near  right  shoulder 
angle) 


0.58 


1/1967 


Angular  distortion  between  other  locations  on  the  structure 
may  be  of  concern.   Since  the  estimated  differential  movement 
between  points  A  and  B  at  the  end  of  Battery  Huger  is  0.44  inch 
and  the  distance  between  them  is  approximately  65  feet,  the  angu- 
lar distortion  between  them  would  be  about  1/1364.   Also,  the 


heave  at  Point  D'  outside  the  fort  wall  15  feet  from  Point  D  is 
estimated  to  be  0.50  inch,  resulting  in  differential  movement  of 
0.08  inch  between  points  D  and  D'  and  an  angular  distortion  of 
1/2250.   Heave  or  settlement  at  Point  D' ,    as  at  all  other  points, 
is  based  upon  elastic  theory  which  shows  that  vertical  stresses 
are  increased  throughout  the  soil  mass  by  an  applied  load. 

Differential  movement  can  cause  structures  to  distort.   Mod- 
erate differential  movements  can  cause  tilting  and  cracking  in 
structures  such  as  the  masonry  walls  at  Fort  Sumter.   Increasing 
differential  movement  may  result  in  more  extensive  tilting  and 
cracking  affecting  structural  integrity  or,  at  least,  causing  an 
increase  in  the  rate  of  deterioration  from  environmental  effects 
such  as  weathering.   Recommended  limits,  defined  in  terms  of  angu- 
lar distortion,  are  established  for  the  amount  of  differential 
movement  that  a  structure  can  tolerate  without  cracking.   For  long 
masonry  structures  of  low  to  moderate  height,  such  as  those  at 
Fort  Sumter,  the  allowable  would  be  1/500  (0.002)  .   Based  on  the 
estimated  movements  the  minimum  angular  distortion  would  be  about 
1/1300  at  the  wall  along  the  left  face,  which  is  within  the  allow- 
able tolerance  of  1/500.   Therefore,  no  significant  effects  on 
walls,  gunrooms,  and  other  structures  at  Fort  Sumter  are  expected 
to  result  from  heave  when  Battery  Huger  is  removed. 

The  calculated  coefficient  of  compression,  Cv,  for  clays  in 
the  foundation  is  62.5  ft2/year.   Based  on  that,  100  percent  of 
primary  consolidation  has  been  achieved.   However,  the  void  ratio 
of  the  soils  will  continue  to  decrease  slightly,  causing  settle- 
ment, but  at  a  very  slow  rate.   This  secondary  compression  is  very 
low  and  any  settlement  will  be  negligible  relative  to  settlement 
that  has  already  occurred.   Therefore,  there  would  be  no  addi- 
tional effects  of  a  significant  nature  on  Fort  Sumter  due  to  set- 
tlement, if  Battery  Huger  were  to  remain  in  place. 

6.   DEMOLITION  METHODS.  The  methods  employed  for  demolition  should 
be  such  that  vibration  is  held  below  levels  damaging  to  Fort  Sum- 
ter structures.   Existing  conditions  of  the  outer  walls  and  case- 
mates due  to  age,  settlement,  and  environmental  influences  require 
that  every  effort  be  made  to  ensure  no  additional  damage  is  done. 

There  are  several  methods  to  consider  for  demolishing  Battery 
Huger,  which  is  constructed  almost  entirely  of  mass  concrete. 
Among  these  are  wrecking  ball,  impact  tools,  hydraulic  splitting, 
and  expanding  chemicals.   The  degree  of  control  over  impacts  on 
Fort  Sumter  varies  with  each  method. 

Use  of  a  wrecking  ball,  depending  upon  its  weight  and  the 
drop  height,  within  about  25  feet  of  the  wall  would  create  a  par- 
ticle velocity  on  the  order  of  0.5  ips  (inches  per  second)  and 
greater,  which  is  considered  to  be  a  "disturbing"  level  of  vibra- 
tion on  a  loose  sand  or  rubble  foundation.   One  hundred  feet  away 
particle  velocity  would  be  about  0.2  ips  and  the  vibration  level 
would  still  be  at  least  in  the  "strongly  perceptible"  range. 
Demolition  using  a  wrecking  ball  would  be  difficult  to  control 
within  such  a  low  tolerance.   The  wrecking  ball  would  break  con- 
crete into  smaller  pieces,  which  would  increase  costs  for  handling 
and  removal,  and  would  increase  noise  and  dust. 

Impact  tools  such  as  pavement  breakers  and  large  mounted  rams 
are  another  method,  but  they  tend  to  break  concrete  into  small 


pieces  which  increases  handling  costs.   Increased  noise,  vibra- 
tion, and  dust  would  also  be  problems  with  this  method.   The  use 
of  impact  tools  for  demolition  also  takes  longer  thereby  increas- 
ing costs. 

Another  method  of  concrete  demolition  is  the  use  of  expanding 
chemicals.   This  method  would  require  that  holes  be  drilled  on 
2-foot  centers  over  the  entire  structure.   Noise  and  dust  would  be 
problems  associated  with  drilling  holes  through  concrete.  This 
method  would  require  a  period  of  time  between  breaks  while  the 
chemical  expands,  but  would  allow  for  very  good  control  of  the 
demolition. 

Splitting  concrete  using  a  hydraulic  splitting  cylinder  is  a 
method  which  would  allow  complete  control  of  breakage  with  no 
damaging  vibration.   This  equipment  is  small  and  hand-held.   This 
method  would  require  that  up  to  1.75-inch  diameter  holes  be 
drilled  through  the  concrete  structure  on  2-foot  centers.   Once 
holes  are  drilled  breaks  can  be  made  in  less  than  a  minute  with 
this  equipment.   Both  reinforced  and  unreinforced  concrete  can  be 
hydraulically  split. 

It  is  recommended  that  either  expanding  chemicals  or  hydraulic 
splitting  be  used  to  demolish  concrete  because  of  the  reduced 
noise  and  vibration. 

7.  MONITORING  VIBRATION  AND  MOVEMENT.  Measurement  of  vibration 
and  movement  induced  in  structures  during  construction  is  neces- 
sary to  control  construction  activities.   Should  vibration  or 
structural  movement  exceed  prescribed  levels,  then  construction 
could  be  altered  to  correct  the  situation. 

During  demolition  and  removal,  vibration  should  be  monitored 
with  velocity  seismographs,  one  near  each  wall  at  the  two  ends  of 
Battery  Huger.   Velocity  seismographs  are  commonly  used  to  monitor 
vibration  during  blasting  operations.   These  instruments  are 
recommended  because  particle  velocity  is  measured  directly,  rather 
than  inferred  from  displacement  or  acceleration  from  other  types 
of  seismographs.   Also,  velocity  seismographs  have  a  greater 
dynamic  range  and  a  better  frequency  range  than  displacement  type 
seismographs. 

Surface  movements  in  walls  and  casemates  should  be  observed 
using  conventional  level  and  position  surveys.   Vertical  and  hori- 
zontal movements  should  be  measured  to  determine  total  movements 
with  respect  to  a  fixed  datum  located  off  the  structures.   Both 
translational  and  rotational  movements  would  be  of  importance. 

Lateral  movement  can  also  be  measured  using  inclinometers 
securely  attached  to  walls  near  the  two  ends  of  Battery  Huger. 
Measurements  should  be  carefully  made  by  trained  personnel  at 
exactly  the  same  locations  in  the  casing  during  the  construction 
period. 

8.  CONSTRUCTION  COST  ESTIMATE.   Estimated  quantities  include 
demolishing  13,000  cubic  yards  of  concrete  in  Battery  Huger  and 
removing  25,000  cubic  yards  of  fill.   Additional  costs  would  be 
for  removal  and  storage  of  such  items  as  flagpoles.   A  summary  of 
the  costs  is  given  below. 


ESTIMATED  COST  FOR  DEMOLITION 


UNIT 

EXTENDED 

ITEM 

OUANTITY    UNITS 

COST 

COST 

l.  Mobilization  and 

Demobilization 

Lump  Sum 

$   50,000 

2.  Drill  Holes  for 

Presplitting 

93,000  Lin.  Ft. 

$   2.50 

232,500 

3.  Splitting  Concrete  13,000   cu.  yd.     90.00    1,170,000 

4.  Demolition  of 

Foundation  1,850   cu.  yd.    450.00     832,500 

5.  Concrete  Disposal  26,325   Tons        20.00      526,500 

6.  Sand  Disposal  33,750   Tons        15.00      506,250 

7 .  Remove  and  Store 

Flagpoles  Lump  Sum                   6,000 

8.  Supervision  and 

Administration  120,000 


Subtotal  3,443,750 

Contingency  (25%)  860,940 


Total  $4,304,690 

Rounded  $4,3  05,000 

This  estimate  is  based  on  offsite  removal  and  could  be 
reduced  if  portions  of  the  materials  were  disposed  at  Fort  Sumter. 
Some  of  the  broken  concrete  may  be  needed  for  erosion  protection 
or  some  of  the  sand  may  be  needed  for  fill  at  locations  adjacent 
to  Fort  Sumter.   Permits  may  be  necessary  for  such  disposal.   The 
quantities  were  estimated  based  on  data  from  available  drawings, 
which  do  not  reflect  recent  modifications,  and  on  observations 
made  during  site  visits.   A  survey  would  be  needed  to  refine  these 
estimates.   Engineering  costs  are  estimated  to  be  about  $136,000. 

9.   CONCLUSIONS  AND  RECOMMENDATIONS.   No  significant  effects  on 
walls,  gunrooms,  and  other  structures  at  Fort  Sumter  are  expected 
to  occur  due  to  heave  resulting  from  the  demolition  and  removal  of 
Battery  Huger.   However,  vibration  from  construction  activities 
may  be  significant  and  cause  damage  to  the  remaining  structures. 

It  is  recommended  that  either  expanding  chemicals  or  hydrau- 
lic splitting  be  used  to  demolish  concrete  because  of  the  reduced 
noise  and  vibration.   Concrete  should  be  broken  into  pieces  that 
can  be  handled  with  equipment  small  enough  to  work  inside  Fort 
Sumter  without  causing  excessive  vibration.   Large  construction 
equipment  should  not  be  used  inside  the  walls  because  of  impact 
and  vibration. 

It  is  also  recommended  that  vibration  and  movement  be  moni- 


tored  in  the  walls  of  Fort  Sumter  during  construction  using  velo- 
city seismographs,  conventional  surveys,  and  inclinometers. 
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.DRILLING  LOG  (Conl.  Sheet) 


fHVATION  TOP  Of  HOU 


0'   -   0"   ASSUMED 


Hole   No.    FS-8-92 


PROJfXT 


BATTERY  HUGER 
FOUNDATION   INVESTIGATION 


NSMIATBN 

FT     SUMTER   NATIONAL   MONUMENT 


shkt 
or 


2 

3   shots 


arvA.nx 


DEPTH 

30 


IfGCND 


cusarcAiiw  or  imttrials 

(DeK/iplion} 


Z  OORf. 
RfCOVWl 


BOX  00 

SAMPU 

NO 


Ktwau 

(Duflmg  Une.  valer  loss,  fcplh  of 
•eothermc,,  He  .  i  Honilcant) 


35- 


40. 


<5- 


»• 


55- 


60 


65- 


70- 


II 


LOOSE  GRAY  FINE   SAND  WITH 
ORGANIC  ODOR       (SM) 

LOOSE  GRAY  FINE   SAND  WITH 

SLIGHT  ORGANIC  CLAY  LENS      (SM) 

LOOSE  GRAY  FINE   SAND  WITH  HIGH 

ORGANIC  CLAY  LENS  AND 

SHELL   CONTENT.      (SM) 

VERY  LOOSE  GRAY  FINE  SAND  WITH 

HIGH  ORGANIC  CLAY  LENS       (SM) 

LOOSE  GRAY  FINE  SAND  WITH  SLIGHT 
SMALL   ORGANIC  CLAY  LENS.     (SM) 

LOOSE  GRAY  FINE  SAND  WITH  SLIGHT 
SMALL  ORGANIC  CLAY  LENS      (SM) 

LOOSE  GRAY  FINE   SAND  WITH  SLIGHT 
SMALL   ORGANIC  CLAY 
LEN5  CONTENT.     (SM) 


LOOSE  GRAY  FINE  SAND  WITH   SLIGHT 

SMALL   ORGANIC  CLAY  LENS  AND 

SHELL  CONTENT.      (SM) 


LOOSE   GRAY  FINE   SAND  WITH   SLIGHT 

SMALL   ORGANIC  CLAY  LENS   AND 

SHELL   CONTENT.      (SM) 


MEDIUM    GRAY  FINE   SAND   WITH    SLIGHT 

SMALL    ORGANIC   CLAY  LENS.   AND 

SHELL   CONTENT.      (SM) 


MEDIUM   GRAY  FINE   SAND  WITH  VERY 

SLIGHT   ORGANIC   CLAY  LENS    AND    VERY 

SLIGHT   SMALL   DECAYED  WOOD       (SM) 


VERY  LOOSE   GRAY  FINE   SAND  WITH 
SLIGHT  LARGE  ORGANIC  CLAY  LENS      (SM) 


MEDIUM   GRAY  FINE  SAND   WITH 
ORGANIC  ODOR.      (SM) 


MEDIUM   GRAY  FINE  SAND  WITH 
SLIGHT  ORGANIC  CLAY  LENS.     (SM) 


MEDIUM  GRAY  INORGANIC  CLAY  WITH 
SLIGHT  SAND  CONTENT.      (CH) 


LOOSE  GRAY  FINE  SAND  WITH  VERY 

SLIGHT  SMALL   ORGANIC  CLAY  LENS 

AND  SHELL   CONTENT.      (SM) 

VERY  LOOSE   GRAY  FINE  SAND   WITH   VERY 
SLIGHT  ORGANIC  CLAY  CONTENT.     (SM) 

VERY  STIFF   BROWNISH  GREEN 

CALCAREOUS  CLAY  WITH   SIGHT  SAND 

CONTENT.      (MH)   LOCALLY  CALLED  MARL 

BORING  TERMINATED  AT  76'6"  AS 

DIRECTED  BY  MR.  DOUG  HOLMES 


ENG  FORM  1836_A  (CH) 


16 


17 


18 


19 


20 


21 


22 


22. 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


1-2-3 
2-3-6 
3-3-4 
1-1-1 
1-2-3 

3-3-2 
1-2-4 

3-4-5 

2-3-4 
5-6-8 
1-3-14 
1-1-3 
3-4-7 
3-4-5 
2-2-3 

2-3-6 

1-1-3 
1-8-11 


CONTRACT  NO.   DACW60-92-M-0135 


DRILLING  LOG  (Conl.  Sheet) 


QIVAnON  TOP  Of  HOLE 


0'   -   0"   ASSUMED 


Role   No.    FS-8-92 


PROJECT 


BATTERY  HUGER 
FOUNDATION   INVESTIGATION 


FT     SUMTER   NATIONAL   MONUMENT 


shco     3 

Of         3    SHtflS 


CONTRACT  NO.   DACW60-92-M-0135 


Hole   No.     FS-9-92 


DRILLING    LOG 


OMSK* 


SOUTH    ATLANTIC 


HSULUDON 

FT.    SUMTER   NATIONAL   MONUMENT 


SKTI 

or 


smuts 


i  project 
BATTERY  HUGER   FOUNDATION   INVESTIGATION 


10.  SIZE  AND  TYPE  Of  BTT 


2   LOCATION  (CoordinotfJ  of  Stodon) 

FORT   SUMTER   NATIONAL   MONUMENT 


M    DATUM  rofi  DXVATON  SHOW  (TBU  or  HCVTJ) 

NONE 


J   0RIUJH&  AGENCY 


12    yAHUTACTURtR-S  DESTCHATtON  Of  Of*! 


SOIL   CONSULTANTS.    INC. 


4    ml  NO   (As  ito.n  on  oVovino  01  k 
and  I*  number) 


FS-9-92 


U  TOTAL  NUUBCR  Of  OVERBURDEN 
SAMJUS  1AKTN 


OSTUR8CD 

32 


UNDISTURBED 


i  name  or  orhler 


14  ioial  number  or  core  boxes 


FRANK   EATON 


NONE 


IS  ClTVATKW  GROlM)  WATER 


3"  -   0" 


6  DRECTKM  Of  HOLE 


D  KCUNED 


dec.  from  vertical 


16   DATE  HOLE 


STARTED 

3/23/92 


COUPVETED 

3/24/92 


7.  THOCHE5S  OF  OVERBURDEN 


17.  elevation  top  or  hole 


0'    -    0"   ASSUMED 


B  DEPTH  DRUID  MO  ROCK 


IB  TOTAL  CORE  RECOVERY  FOR  BORING 


»   TOTAL  DEPTH  Of  HOLE 


76"     -     6' 


19  SIGNATURE  Cf  KSttCTOR 


ElfVATWN 


DEPTH 

0 


20- 


25- 


30- 


UCCND 


OAsancATirx  or  materials 

(Oexnpten) 


BROWN,   TAN  FINE   SAND 

LOOSE   GRAY  FINE   SAND    (SM) 

LOOSE   GRAY  FINE   SAND.   (SM) 

VERY  DENSE  GRAY  FINE   SAND  WITH 

CEMENTED  MATERIAL    (SM) 

SOLID   GRANITE 
LOOSE   GRANITE 


LOOSE    GRAY  FINE   SAND   WITH  SLIGHT 
ORGANIC   CLAY  CONTENT      (SM) 

VERY  LOOSE   GRAY  FINE   SAND  WITH 

HIGH   ORGANIC  CLAY  CONTENT.  (SC) 

MEDIUM  CRAY  FINE   SAND 

WITH   ORGANIC  CLAY  AND  SHELL 

CONTENT       (SM) 

DENSE   GRAY  FINE   SAND  CHANGING  AT 

18-6"  TO  VERY  LOOSE   GRAY  FINE 

SAND   WITH   SLIGHT  ORGANIC  CLAY 

CONTENT.     (SM) 


MEDIUM  GRAY  FINE  SAND  WITH   SLIGHT 
SHELL  CONTENT      (SM) 


DENSE  GRAY  FINE  SAND  WITH  VERY 
SLIGHT  SHELL  CONTENT.      (SM) 


MEDIUM   GRAY  FINE   SAND  WITH   VERY 
SLIGHT   SHELL  CONTENT.      (SM) 


Continued   on   Sheet    2 

Note     Soils   visually    classified 

in   occordonce   wilh   Unified   Soil 

Classification   System. 


X  CORE 
RECOVERY 


BOX  OR 

SAMPLE 
NO 


10 


11 


12 


13 


14 


REMARKS 

(DnHma,  (me.  •ol«  km.  depth  of 

Mothering,  tic.,  it  ugnifcanl) 


AUGER   BORING 
O'O"   TO   5'0" 


3-3-2 

2-3-7 
5-2-37/3" 


5-4-2 

3-2-1 

1-B-14     * 
32-15-4 
8-17-11 
7-1B-15 

3-3-11 

3-8-19 
4-15-22 
6-16-18 

5-7-7 


blows  per  foot 

Number    required    to    drive 

1-3/8"    ID   splilspoon    12" 

with    140   lb     hommer 

falling    30" 


ENG  FORM  1836  (CH) 


)|;TRACT  NO.    DACW6Q-92-M-0135 


DRILLING  LOG  (Cont.  Sheet) 


UTVkHOH  FOP  Of  HCU 


Hole    No.       ps_9_92 


sen  2 
or     3 


PKOJlCI 


KSIAOATION 


SHEETS 


OEM  ion 


DCTTH 

30 


UCCND 


OASSrcMlON  Of  MAJORS 
(Docription) 


X  CORC 

KCOvW 


BOX  OR 

sahpu 

NO 


RtUtftKS 

(DriUvvg  line,  wolcr  loss,  depth  o( 

»eoVWLnr).  tic,  d   wjmliconl) 


35- 


40 


«■ 


so- 


55- 


60- 


K  FORM  1836_A  (CH) 


MEDIUM  GRAY  FINE   SAND  WITH  VERY 
SLIGHT   SHELL   AND  ORGANIC   CLAY 
CONTENT.     (SM) 
VERY  LOOSC   GRAY  FINE   SAND   WITH  SLIGH" 
SHELL    A:  ORGANIC   CLAY  CONTENT.      (SM) 

LOOSE   GRAY  FINE  SAND   WITH  SLIGHT 
ORGANIC  CLAY  tc  SHELL  CONTENT.     (SM) 

VERY  LOOSE   GRAY  FINE   SAND   WITH  HIGH 
ORGANIC   CLAY  CONTENT.      (SC) 

VERY  LOOSE  GRAY  FINE  SAND   WITH  VERY 
SLIGHT  ORGANIC   CLAY  CONTENT.      (SM) 


MEDIUM   GRAY  FINE   SAND  WITH  VERY 
SLIGHT  SMALL  ORGANIC  CLAY  LENS.   (SM) 


LOOSE   GRAY  FINE   SAND  WITH   SLIGHT 
ORGANIC  CLAY  LENS       (SM) 


VERY  DENSE   GRAY  FINE   SAND.   (SM) 


MEDIUM    GRAY  FINE   SAND   WITH  VERY 
SLIGHT  SMALL   ORGANIC  CLAY  LENS.   (SM)« 


LOOSE   GRAY  FINE   SAND  WITH   SLIGHT 
SMALL   ORGANIC   CLAY  LENS       (SM). 


SOFT  GRAY  ORGANIC  CLAY  WITH   SLIGHT 
SAND  LENS       (OL) 


LOOSE    GRAY  FINE   SAND   WITH   SLIGHT 
ORGANIC  CLAY  LENS     AND  SHELL 
CONTENT       (SM) 


MEDIUM   GRAY  FINE   SAND   WITH   SLIGHT 
ORGANIC  CLAY  AND   SHELL  LENS 
CONTENT      (SM) 

MEDIUM   GRAY  FINE   SAND   WITH   SLIGHT 

ORGANIC  CLAY  LENS   AND 

SHELL   CONTENT       (SM) 


MEDIUM   GRAY  FINE   SAND   WITH  HIGH 

SHELL   AND   SLIGHT  ORGANIC 

CLAY  LENS       (SM) 


MEDIUM    BROWNISH   GREEN   CALCAREOUS 

CLAY   WITH   SLIGHT   SAND   AND   SHELL 
CONTENT.      (MH)  LOCALLY  CALLED  MARL 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


7-6-6 

1-2-2 
1-1-6 

2/18" 

1-1-2 

1-4-13 

3-3-8 


2-4-6 
20-36 

3-5-6 
2-3-3 


1/12" 
3/6" 

1-1-7 


3-5-9 


3-12-12 


14-12-14 


CONTRACT  NO.    DACW60-92-M-0T35 


DRILLING  LOG  (Cont.  Sheet) 


EirVMON  TOP  Of  HOI 


Hole    No.       fs_9_92 


steer  3 
OF      3 


PROJECT 


WSUUA1ION 


sens 


ELEVATION 


DEPTH 

75 


l£CEHD 


m 


OASSHCATION  OT  IUTERW.S 
(Dacriptisn) 


J  CORr 
REOMJtt 


BOX  Of 

sample 

HO. 


KUAAKS 

(Drilinj  lime.  win  lost,  depth  o< 

•eolhaing,  <lc,  it  nfrafcanl) 


STIFF  BROWNISH   GREEN   CALCAREOUS 

CLAY  WITH   SLIGHT  SAND  CONTENT.     (MH) 

LOCALLY  CALLED  MARL 

BORING   TEMINATED  AT   76*6"  AS 
DIRECTED  BY  MR    DOUG  HOLMES 


32 


4-5-9 


80- 


X' 


PARADE 
GROUND 


NOT   TO   SCALE 


Eng  form  ,B36_A  (CH) 


CONTRACT  NO.   DACW60-92-M-0135 


Hole    No.  FS-10-92 


DRILLING   LOG 


DMSXW 


SOUTH   ATLANTIC 


NSlAUAlON 

FT.    SUMTER   NATIONAL   MONUMENT 


shot      i 

OF        3        SHOTS 


I   PROJtCl 

BATTERY  HUGER   FOUNDATION    INVESTIGATION 


10  SZt  «©  TrK  Of  Bl 


7   lOCtflOH  (Cuvaoolo  or  Stolon) 

FORT  SUMTER   NATIONAL  -MONUMENT 


11.  DA1UU  fOR  tUVATION  SMCWN  (IBV  a  NCVD) 

NONE 


12  vMurjciucrs  ocskhaio*  or  dpju 


!    DRtlNC  ACCNCY 


SOIL   CONSULTANTS,   INC. 


HOI  HO   (Aj  Ami  an  oVomg  lillc 
id  flr  number) 


FS-10-92 


13.  lOTAi  NUUBCR  OT  CMRBJRDCH 
SAMfUS  UKCN 


051URKC 

13 


uNDisnnetD 


H*MT  OT  DRILLER 


U    I01M.  HLWBfR  Of  COW  BOXES 


FRANK   EATON 


NONE 


is  arvAuoN  ground  wakr 


3"  -   8" 


I  DuncK  or  hoic 


O  NCUHO) 


occ  rRou  vertical 


lb   OATT  KM 


STARTED  COUPlTlCD 

3/30  /92  3/30  /92 


17   [ITVATION  IOP  or  HOLT 


TMCKNCSS  or  OVERBURDCn 


0'   -    0"   ASSUMED 


ie  ioial  cow  recovert  roR  eowvc 


L  DEPTH  DRUED  WTO  ftOCX 


IS   SCHMURI  OT  MSfTCIOR 


I  TOTAL  DOTH  Of  HDU 


77' 


Q[V*TIOH 


DEPTH 

0 


UffHD 


OASsncADON  a  mrrjaALS 

(Description) 


X  CORE 
RECOVERY 


BOX  OR 
SAMPLE 

NO 


REkWKS 

0*r«j  bme.  oolcr  Ion.  deplh  ol 

•eothcnne,,  etc..  i  sianrficoyil) 


15- 


»• 


25- 


J0- 


>  ^ORM  ,836  (CH) 


AUGER   BORING 
O'O"   TO   10'0" 


BROWN   FINE   SAND  WITH  BRICK   FRAGMENT 
LOOSE   GRAY  FINE   SAND  WITH  ONE 
SMALL  ORGANIC  CLAY  LENS.     (SM) 


1-2-6 


5-13-21 


DENSE  GRAY  FINE   SAND  WITH   VERY 
SLIGHT   SAND   A  ORGANIC   OROR       <SM) 


DENSE   GRAY  FINE   SAND  WITH   SLIGHT 
SAND  CONTENT      (Sm) 


MEDIUM  GRAY  FINE   SAND  WITH 
MEDIUM   SHELL  CONTENT 
(SM   WITH  SHELL) 

MEDIUM   GRAY  FINE   SAND  WITH   SLIGHT 

SHELL  «V  VERY  SLIGHT  SMALL  ORGANIC 

CLAY  LENS.      (SM) 


8-15-31 


9-11-6 


6-11-12 


Continued    on   Sheet    2 

Note     Soils  visually   classified 

in   occordonce   wilh   Unified   Soil 

Classification   System 


BLOWS    PER    FOOT 

Number   required    to   drive 

1-3/8"    ID  splilspoon    12" 

with    140    lb     hammer 

foiling    30". 


-CONTRACT  NO.  DACW60-92-M-0135 


DRILLING  LOG  (Conl.  Sheet) 


OiVADON  TOP  Of  nor 


0'   -   0"   ASSUMED 


Hole   No.   FS-10-92 


mxa 


BATTERY  HUGER 
FOUNDATION   INVESTIGATION 


B6IAUMI0N 

FT.   SUMTER   NATIONAL  MONUMENT 


shut 
Of 


2 

3  suns 


=  ELCVAT10H 


DEPW 
30 


LEGDC 


cussnpkiKM  or  uaiirws 

(Desertion) 


X  CORC 

fifcovw 


eoi  on 

SUIPLC 

NO 


KlMRKS 
(Drdkng  lime,  wler  Ion,  depth  ol 


35- 


I  I 


40- 


4V 


50- 


55- 


60- 


65- 


LOOSE  GRAY  FINE    SAND  WITH  HIGH 

1/8"   ORGANIC  CLAY  LENS  AND  SOME 

1*  ORGANIC  CLAY  LENS. 


SHELBY  TUBE  3"  X  30* 
V'v  PUSHED  -   24* 

RECOVERY  -   19" 

LOOSE   CRAY  FINE  SAND  WITH  HIGH 
SAMLL  ORGANIC  CLAY  LENS.     (SM) 


MEDIUM  GRAY  FINE   SAND  WITH  SLIGHT 

SHELL.  HIGH   SMALL   1/8"   TO  1/4" 

ORGANIC   CLAY  LENS   AND   ONE   SMALL 

PIECE  OF  DECAYED  WOOD  CONTENT      (SM) 


VERY  LOOSE   GRAY  FINE   SAND  WITH  HIGH 
SMALL    1/B"    ORGANIC   CLAY   LENS       (SM) 


MEDIUM    GRAY  FINE    SAND   WITH   VERY 

SLIGHT  SMALL   1/8"   ORGANIC  CLAY 

LENS.      (SM) 


MEDIUM   GRAY  FINE  SAND  WITH  SLIGHT 

SHELL   AND   VERY  SLIGHT  SMALL   1/8' 

ORGANIC  CLAY  LENS      (SM) 

SHELBY  TUBE   3"   X  30" 

PUSHED  -    24* 

RECOVERED  -   24* 

SHELBY  TUBE  3*  X  30" 
PUSHED  -    24" 
I  RECOVERED  -   22" 


SHELBY  TUBE   3"   X 
PUSHED   -    24" 
RECOVERED  -   24 


30" 


MEDIUM   GRAY  FINE   SAND  WITH 

HIGH   SMALL  1/8"  ORGANIC 

CLAY  LENS       (SM) 

SHELBY   TUBE   3"   X  30" 

PUSHED   -    24" 

RECOVERED  -   24" 

(CALCAREOUS   CLAY) 


6A 


PUSHED 


3-3-3 


2-6-7 


1/11"   -    1/1"   -    2/6" 


10 


4-8-12 


11 


11 A 


1 1B 


11C 


12 


13 


12-14-11 

PUSHED 

PUSHED 

PUSHED 
3-5-9 

PUSHED 


ENG  FORM  1B36_A  (CH) 


CONTRACT  NO    DACW60-92-M-0135 


DRILLING  LOG  (Conl.  Sheet) 


CUVAJWN  10P  Of  HOU 


0'   -    0"   ASSUMED 


Hole    No.    FS-10-92 


«a*ci 


BATTERY  HUGER 
FOUNDATION   INVESTIGATION 


INSUOATlON 

FT.   SUMTER   NATIONAL   MONUMENT 


mb     3 

or       3  sens 


LABORATORY  TEST  RESULTS 
CONSOLIDATION  TESTS 


CO 


ro 

en 

l£> 

DC 

no 
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ID  eC 

<x> 

LO 
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Z 

VA 
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O 
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H  pa 

H  O 
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g  u 

gfe 


- -                       ■                  ■                                ■) 

Co»mcS«st  <*  r>  r— JWltty,  x^y   10       coyW 
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t-ou 

;    : 

es' 

1 

0 

1              0.2      O»3  0.i»a5                1                  2          3*5                 10               20   25 

PrtMUrt,    pf   T/»q   ft 

Type  of  8peclaen  ,       .  .     ,        ,       , 

undisturbed 

Before  T»rt 

After  Tort 

dim    2.49      m. 

Bt     1.00              In. 

Hater  Content,  ve 

38.3          * 

"  ■    ■  ■ 

31.7         i 

Overburden  Pree»upc,   p©                     T/aq  ft 

Void  Javtio,   *o 

1.031 

•f 

.851 

Preeonsol.  Preasure,  pc                   *7aq  ft 

Saturation,  8. 
o 

100.0       t 

8f 

100.0       i 

C<*prce»lac  Index,   Cc 

Dry  Density,  r4 

82.7    Wfv 

J 

ClAeelfloitlon 

kjQ  it  «     •                       X  10"     a»/aec 

LL       29 

°.        2.69 

Project     Ft.    Sumter      National   Monument 

pl       22 

Di°      .0057mm 

Lab  No.   96/635 

rt»vrtj     see  qradation  curve 

Aroa         Battery  Huger  Investigation 

on   ENG  Form  2087. 

Boring  io.     FS-10-92 

Saaple  Bo.    6A 

Depth 

ftft       36.5-38.5' 

Date    14  May  92 

— —                 , 

CONSOLIDATION  TEST  REPORT 

Cnc  rata    — ** 

I  HAY  U  *•»* 


PKCVtOUl   CCMTlOHl    AMI  OBOi-l'l 


CO  00 

ce  o 


O 

2 


S  ©" 

is 


© 
S-  O 

O 


00      ■ 

8K 

m  ac 

00   < 


U  M 

M  OS 

J  OB 

H  O 

<  CJ 


O  O 


i 

as 
gw 

as 

w  o 

a  u 


1.3000 

1.2000 
1.1500 
1.1000 

o 

1.0500 

•a 

1.000 
.9500 
.9000 
.8500 

CcarfnetcBt  car  Teiaaaa >Mt1j,  k^,   10"     em/see 
.1           0.2     0.3  o.*o»5              l               2        3*5              10 

I 
20    25 

5 

a= 

-— f 

) 

R 

7P  ' 

imx 

Fin 

i  da 

L 

*. 

Th 

rci. 

q;ho 

j     "< 
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-—  - 
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t> 

,  ^_ 
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,  .  _ 

0 

,1              0.2      0.3  O.bO.5                 X                   2          3*5                 10 

Pressure,  p,  T/ao.  ft 

20   2 

Type  etf  Speclaen             . 

Undisturbed 

Before  Test 

After  Test 

Mm     2.50       i£. 

at      1.00         iB. 

Water  Ccntent,  vQ 

45.8         t 

wf 

34.4          t 

Overburden  Pretrure,   Po                     T/*l  *t 

Void  Ratio,   e 
o 

1.255 

•f 

.928 

Preccnaol.  Pre •  rare,  pc                     */•"?  ft 

Saturation,  8, 

0 

98.5         * 

8f 

100.0         * 

Ccaapreaslos  Index,  Ce 

Dry  Density,  rd 

74.7  ib/n 

3 

tSSSfic^fiX^  JSm/!1*11  "■ 

kgQ  »t  e     •                    X  10"     oa/aec 

LL        55 

c.       2.70 

4*1.    Sumter    National   Monument 
Project      f^nr  l«»c*nTi      Rp 

n-       22 

Dio   <0.002MM 

Lab.  No.   96/637 

Itemr**  See  gradation  curve 
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